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1
FOUR PISTON SCOTCH YOKE ACTUATOR

FIELD OF THE INVENTION

The present invention generally relates to systems for
conversion between linear and rotary motion, and particu-
larly to a four piston Scotch yoke actuator.

BACKGROUND OF THE INVENTION

A common mechanism for converting linear motion to
quarter-turn rotary motion 1s the Scotch yoke actuator. In a
typical Scotch yoke design, a linearly reciprocating push rod
1s coupled to the shaft by a lever arm or yoke that converts
the linear movement of the rod to a rotary movement of the
shaft, with a maximum rotation angle of 90°. The push rod
1s coupled to the yoke by a yoke pin that passes through a
hole 1n the push rod and a slot 1n the yoke, thereby allowing,
the yoke pin to slide along the slot 1n the yoke as the push
rod moves and the yoke and shait rotate.

Scotch yoke actuators are used, among other things, for
operating valves 1n many industries. As 1s known in the art,
a Scotch yoke actuator can be a double acting (DA) actuator
in which fluid pressure moves the piston 1n both directions,
or a spring return (SR) actuator in which flmd pressure
moves the piston 1n one direction and a spring moves the
piston 1n the opposite direction.

Rack-and-pinion actuators are also used for operating
these valves. FIG. 1 shows the torque output for a DA Scotch
actuator versus a rack-and-pinion actuator. The Scotch yoke
actuator provides a rotation of 90° with a torque that is
higher at the ends of travel and lower in the middle; in
contrast, the rack-and-pinion actuator has a basically con-
stant torque throughout the 90° rotation. Thus, the Scotch
yoke actuator has an advantage over the rack-and-pinion
actuator for operating valves that have higher torque require-
ments at the fully closed position. The SR Scotch yoke
actuator has a torque advantage over the rack-and-pinion
actuator, too, but a different one.

A mgmﬁcant dlsadvantage of the Scotch yoke design 1s
that there are side loading effects on the moving parts, which
can limit the usefulness of the Scotch yoke actuator.

SUMMARY OF THE

INVENTION

The present mvention seeks to provide a novel a four
piston Scotch yoke actuator, as 1s described more in detail
below.

The Scotch yoke actuator of the present invention can be
built 1n compact dimensions and yet provide significantly
higher torque than rack-and-pinion actuators of approxi-
mately the same size. As 1s known, the torque which can be
achieved with an actuator depends on the air pressures used
and on the piston position, and for spring-return actuators,
also on the type and configuration of springs used in the
actuator. For example, FIG. 3A illustrates a rack-and-pinion
actuator of the prior art, commercially available as COM-
PACT from Habonim Ltd., Israel. The COMPACT actuator
1s a quarter-turn rack-and-pimion pneumatic actuator that
employs a four-piston design based on U.S. Pat. No. 4,370,
9177 to Alan Bunyard The maximum torque output of the
COMPACT actuator 1s about 1359 Nm with the piston at the
spring end and for a particular spring configuration. FI1G. 3C
illustrates a prior art single-piston Scotch yoke actuator. Its
maximum torque output 1s about 2700 Nm, but as seen in
FIG. 3C, 1t 1s significantly larger 1n size than the COMPACT

actuator.
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2

In contrast, FIG. 3B illustrates a four piston Scotch yoke
actuator 10 coupled to a valve 8, in accordance with an
embodiment of the present invention. The Scotch yoke
actuator 10 has a maximum torque output of about 2700 Nm
with the piston at the spring end and for a particular spring
configuration, and yet 1s approximately the same size as the
COMPACT actuator. Thus, the present mvention surpris-
ingly almost doubles the torque of a quarter-turn rack-and-
pinion pneumatic actuator, without any increase in size, and
has the same output as a single-piston Scotch yoke actuator
of the prior art, and yet 1s less than half the length of the prior
art single-piston Scotch yoke actuator. The present invention
thus provides significant advantages in torque-to-size ratio.

The actuator of the invention 1s not limited 1n size and

output torque. For example, without limitation, the torque
achievable with the invention may be from 1000 to hundreds
of thousands Newton-meters.
There 1s provided in accordance with a non-limiting
embodiment of the present invention, a Scotch voke actuator
including a housing formed with four piston bores spaced
equally 90° from each other, a shaft with four yokes, each of
the yokes having a slot, and four pistons including two pairs
of 180° opposing pistons, one pair of the opposing pistons
being orthogonal to the other pair of the opposing pistons,
cach of the pistons arranged for linear motion in one of the
piston bores, wherein each of the pistons includes a piston
rod which includes a piston pin which 1s slidable 1n the slot,
wherein linear motion of the pistons in the piston bores
causes rotation of the shatt.

In accordance with a non-limiting embodiment of the
present invention each of the piston rods 1s supported on one
side thereol by one or more piston rod support members and
on an opposite side thereof by one or more piston rod
supports.

In accordance with a non-limiting embodiment of the
present invention the one or more piston rod supports are
formed on the shatt.

In accordance with a non-limiting embodiment of the
present mvention each of the pistons includes a peripheral
guide ring arranged to slide 1n each of the piston bores.

In accordance with a non-limiting embodiment of the
present mvention each of the piston pins includes an inner
pin located 1n an outer sleeve.

In accordance with a non-limiting embodiment of the
present invention the outer sleeve 1s harder than the inner
pin.

In accordance with a non-limiting embodiment of the
present invention each of the piston rods includes two legs
coupled to the piston, which are connected by a cross
member, and two lugs to which the piston pin 1s coupled.

In accordance with a non-limiting embodiment of the
present invention each of the pistons 1s fluidly actuated to
move against a biasing device located in each of the piston
bores. This 1s a spring return design. The mvention can also
be carried out as a double acting actuator.

In accordance with a non-limiting embodiment of the
present mvention a base of the actuator includes a valve

interface member and regulating stop screws coupled to the
valve interface member.

BRIEF DESCRIPTION OF THE

DRAWINGS

The present invention will be understood and appreciated
more fully from the following detailed description, taken in
conjunction with the drawings 1n which:
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FIG. 1 1s a prior art graphical illustration of torque output
over 90° of a DA Scotch yoke actuator and a rack-and-pinion

actuator,

FIG. 2 1s a force diagram of forces applied to the Scotch
yoke actuator of the invention;

FIG. 3A 1s an 1llustration of a four-piston rack-and-pinion
actuator of the prior art;

FIG. 3B 1s an illustration of the four-piston Scotch yoke
actuator of the invention;

FIG. 3C 1s an 1illustration of a prior art single-piston
Scotch voke actuator;

FIG. 4 1s a simplified exploded illustration of a Scotch
yoke actuator, constructed and operative 1n accordance with
a non-limiting embodiment of the mvention;

FIGS. 5A, 5B, 5C and 3D are simplified side-view,
front-view, top-view and perspective view 1illustrations,
respectively, of the Scotch yoke actuator;

FIGS. 6A and 6B are simplified front-view and upper
horizontal sectional illustrations, respectively, of the Scotch
yoke actuator showing upper piston rod supports (there are
identical lower piston rod supports, too), with FIG. 6B taken
along lines B-B 1n FI1G. 6 A, with the pistons 1n the fully open
position;

FIGS. 6C and 6D are simplified front-view and upper
horizontal sectional 1llustrations, respectively, of the Scotch
yoke actuator showing upper piston rod supports (there are
identical lower piston rod supports, too), with FIG. 6D taken
along lines D-D i FIG. 6C, with the pistons in the fully
closed position;

FI1G. 7 1s a partially cutaway illustration of yoke supports
for the reciprocating piston yokes;

FIGS. 8A and 8B are simplified front-view and mid-
vertical sectional illustrations, respectively, of the Scotch
yoke actuator, with FIG. 8B taken along lines B-B 1n FIG.
8A, with the pistons 1n the fully open position;

FIGS. 8C and 8D are simplified front-view and mid-
vertical sectional illustrations, respectively, of the Scotch
yoke actuator, with FIG. 8D taken along lines D-D 1n FIG.
8C, with the pistons 1n the fully closed position;

FIGS. 9A and 9B are simplified front-view and lower
horizontal sectional illustrations, respectively, of the Scotch
yoke actuator, with FIG. 9B taken along lines B-B 1n FIG.
9A, with regulating stop screws shown with the Scotch yoke
actuator shaft 1n the fully open position; and

FIGS. 9C and 9D are simplified front-view and lower
horizontal sectional illustrations, respectively, of the Scotch
yoke actuator, with FIG. 9D taken along lines D-D i FIG.
9C, with regulating stop screws shown with the Scotch yoke
actuator shaft in the fully closed position.

DETAILED DESCRIPTION OF EMBODIMENTS

Reference 1s now made to FIG. 2, which 1s a force
diagram of forces applied to the Scotch yoke actuator 10 of
the 1nvention.

The Scotch yoke actuator 10 includes a shatt (also called
actuator shaft) 12 with four yokes 14. Each yoke 14 has a
slot 16. Each of the four yokes 14 1s coupled to a piston rod
18 of a piston 19 by means of a piston pin 20, also referred
to as piston roller 20 or piston bearing shait 20. The piston
pin 20 may be constructed of an inner pin 23 located 1n an
outer sleeve 24. The mner pin 23 and the outer sleeve 24
may be constructed of a steel alloy (the same or diflerent
alloy), with the inner pin 23 hardened and heat-treated to
have no significant brittleness, and with a hardness less than
that of the outer sleeve 24. The extra hardness of outer sleeve
24 may be useful 1n minimizing wear on piston pin 20 when
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4

the pin slides in slot 16. The mner pin 23 and the outer sleeve
24 may be constructed of different metals or materials.

The slot 16 may undergo nitride case hardening to provide
a superior, smooth bearing surface with little friction and
enhanced wear resistance for the piston pin 20 movement.
Alternatively, the slot 16 could be coated with different
coatings, such as but not limited to, mickel, chrome, or a hard
metal.

The shaft 12, yoke 14, piston rod 18 and piston 19 may be
made, without limitation, of a steel alloy or other suitable
materials.

The piston rod 18 1s supported by one or more piston rod
support members 26, which are described further below. The
piston 19 reciprocates linearly 1n a piston bore 27.

The piston rod 18, the piston pin 20 and the yoke 14 are
subject to significant forces as shown 1n the force diagram of
FIG. 2. A force F 1s applied to the face of piston 19 by a force
actuator 25, such as a fluid (that 1s, pneumatic or hydraulic)
actuator for a double acting actuator or a biasing device
(e.g., spring) for a spring return actuator. The yoke 14
applies a force F, on piston pin 20, which 1s normal to the
inner face of slot 16 and is directed to the center of piston
pin 20. The torce F, creates a friction force F ; normal to
force F,. The piston rod support member 26 must provide a
supportive counterforce F,; as a reaction to the side force on
the piston rod 18, the force I, creates a friction force F
normal to force F,. The piston 19 1s subject to a radial force
F ., which 1s the supportive counterforce from the wall of the
piston bore 27. The radial force F, creates a Iriction force
F » normal to force F.

The angle a 1s the turning angle of the centerline of slot
16 with respect to the vertical. The vertical component of the
distance from the center of shaft 12 to the center of the piston
pin 20 1s designated x.

Reference 1s now made to FIG. 4, which 1illustrates the
components of Scotch yoke actuator 10, 1n accordance with
a non-limiting embodiment of the invention.

The actuator 10 includes a housing 28 formed with four
piston bores 27 spaced equally 90° from each other. There
are Tour pistons 19: two pairs of 180° opposing pistons, one
pair of opposing pistons being orthogonal(90°) to the other
pair ol opposing pistons. The piston rod 18 may include two
legs 30 coupled to piston 19, which are connected by a cross
member 31. The piston rod 18 may turther include two lugs
32 to which piston pin 20 1s coupled. For example, without
limitation, ends of piston pin 20 may be received 1n aper-
tures formed 1 lugs 32 and one end of the piston pin 20
maybe secured by circlips. The face of piston 19 may be
biased by a biasing device 34, such as a spring set for a
spring return unit or a tluid force for a double acting unait, as
1s well known 1n the art. The other side of biasing 34 may
be assembled against a support ring 36, which 1s sealed by
a cover seal 38 against a cover 40, which 1s secured to
housing 28 by cover bolts 42. As mentioned above, the
invention can also be carried out as a double acting actuator,
which would use a diflerent cover 40DA, and not have the
spring set of the SR version.

As 1s well known 1n the art, for pneumatic actuation, an
air port block 44 coupled to housing 28, provides the
pneumatic forces on the faces of the pistons 19 via passage-
ways 1n the housing and via the cover 40 for each piston 19.
The mvention can be carried out for hydraulic actuation, too.

The shaft 12 1s journaled 1n housing 28, such as by means
of upper and lower bearings 46 and 48, respectively. The
shaft 12 may be sealed by upper and lower seals 43 and 45,
respectively. The upper end of shaft 12 may be secured by
one or more spacers 41 and a circlip 47.
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The shaft 12 may include upper and lower peripheral side
load support surfaces 31 and 53, respectively, which support
radial side loads imposed on the piston rod 18. Portions of
the piston rod 18, which slide against upper and lower
peripheral side load support surfaces 51 and 53 (also
referred to as upper and lower piston rod supports 31 and
53), serve as rolling bearing surfaces for the piston rod 18.

Reference 1s now made to FIGS. 5A, 5B, 5C and 5D,
which 1llustrate the external design of the Scotch yoke
actuator 10, in accordance with a non-limiting embodiment
of the invention. Without limitation, the length L. and width
W of the actuator may be 639.5 mm, and the height H may
be 355 mm. (In FIGS. 6A and 6C, the exemplary, non-
limiting distance G from the section line to the bottom of the
actuator may be 250 mm.) The invention 1s not limited to
these dimensions in any way. However, these dimensions are
written here to highlight one of the surprising achievements
of the mvention of overcoming engineering challenges to
produce the four piston Scotch yoke actuator in such small
dimensions with such great torque capability.

Reference 1s now made to FIGS. 6 A and 6B. It 1s seen that
the piston rod 18 1s supported 1n 1ts reciprocating motion on
one side by the upper piston rod support 51 and the opposite
side of piston rod 18 1s supported 1n 1ts reciprocating motion
by the piston rod support members 26. It 1s noted that the
figures here do not show the identical lower piston rod
supports 53 and the other set of piston rod support members
26; thus, 1n the non-limiting illustrated embodiment, there
are a total of four piston rod support members 26. FIGS. 6A
and 6B show the pistons 19 in the fully open position. The
piston rod support members 26 may be made of without
limitation, polyoxymethylene (DELRIN), polytetrafluoro-
ethylene polyether ether ketone (PEEK), or other suitable
engineering polymers or metals. PEEK may be preferred for

bearing the forces 1n the dimensions of the unit of FIGS.
5A-5D.

FIGS. 6C and 6D show the pistons 19 1n the fully closed
position.

Reference 1s now made additionally to FIG. 7. Each
piston 19 may include an O-ring 54 which peripherally seals
piston 19 1n 1ts reciprocating motion to prevent escape of the
pressurized air that provides the force against the piston and
to prevent entry of debris. The O-ring 34 1s meant to provide
sliding sealing; 1t 1s not designed to withstand the side
(radial) forces on the piston head. Accordingly, each piston
19 may include a peripheral guide ring 56, which may be
made of, without limitation, DELRIN, polytetrafluoroethyl-
ene, PEEK, or other suitable engineering polymers or met-
als. The guide ring 56 preferably has a flat peripheral
surface, unlike O-ring 34, which has a round peripheral
surface. The flat peripheral surface provides a sufliciently
wide surface to bear the radial forces (side forces) that are
imposed on the piston head, and enables the piston 19 to
slide with very little friction 1n the piston bore 27 (FIGS. 2
and 4). Optionally, the piston bore 27 may undergo anod-
1izing or other treatments, or may be coated with different
materials to enhance wear resistance and reduce friction.

FIGS. 8A and 8B illustrate the Scotch yoke actuator 10
with the pistons in the fully open position. FIGS. 8C and 8D
illustrate the Scotch yoke actuator 10 with the pistons in the
tully closed position.

Reference 1s now made to FIGS. 9A-9D, which 1llustrate
another feature of the Scotch yoke actuator 10. A base 62 of
the actuator 10 may be provided with a valve interface
member 64 (FIG. 9B), which can be coupled to a variety of
valves. (In FIGS. 9A and 9C, the exemplary, non-limiting,
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distance J from the section line to the bottom of the actuator
may be 21 mm.) For example, the valve interface member 64
may be, without limitation, a 72 mm ISO 5211 key driven
interface member, which may provide up to 8000 Nm
torque. Alternatively, an msert (not shown) may be provided
to fit 1n interface member 64, which 1s a 50 mm diameter key
driven msert or a 46 mm square drive nsert for up to 4000
Nm torque. Diflerent sets of mounting holes 66 or 68 may
be provided to cover different mounting configurations.

Regulating stop screws 70 with locking nuts 72 may be
provided to allow rotational adjustment (without limitation,
+3°) of the valve interface member 64 so that 1t 1s aligned
with the valve so that the actuator properly reaches the 0°
and 90° closed and open positions of the valve. FIGS. 9A
and 9B illustrate the regulating stop screws 70 in the fully
open posttion. FIGS. 9C and 9D 1illustrate the regulating stop
screws 70 1n the fully closed position.

What 1s claimed 1s:

1. A Scotch yoke actuator comprising:

a housing formed with four piston bores spaced equally

90° from each other;

a shait with four yokes, each of said yokes having a slot;

and

four pistons comprising two pairs of 180° opposing

pistons, one pair of the opposing pistons being orthogo-
nal to the other pair of the opposing pistons, each of
said pistons arranged for linear motion in one of said
piston bores, wherein each of said pistons comprises a
piston rod which comprises a piston pin which 1s
slidable 1n said slot, wherein linear motion of said
pistons 1n said piston bores causes rotation of said
shaft;

and wherein peripheral side load support surfaces are

formed on said shaft on opposite sides of said yokes,
wherein one side of each of said piston rods 1s sup-
ported during reciprocating motion therecol by said
peripheral side load support surfaces, and an opposite
side of each of said piston rods 1s supported in its
reciprocating motion by piston rod support members
which are secured to said housing and located opposite
said peripheral side load support surfaces.

2. The Scotch yoke actuator according to claim 1, wherein
said peripheral side load support surfaces protrude radially
outwards from said shatt.

3. The Scotch yoke actuator according to claim 1, wherein
said piston rod support members are made of an engineering,
polymer.

4. The Scotch yoke actuator according to claim 1, wherein
cach of said pistons comprises a peripheral guide ring
arranged to slide 1n each of said piston bores.

5. The Scotch yoke actuator according to claim 1, wherein
cach of said piston pins comprises an mnner pin located 1n an
outer sleeve.

6. The Scotch yoke actuator according to claim 5, wherein
said outer sleeve 1s harder than said mner pin.

7. The Scotch yoke actuator accerding to claim 1, wherein
cach of said plsten rods comprises two legs ceupled to said
piston, which are connected by a cross member, and two
lugs to which said piston pin 1s coupled.

8. The Scotch yoke actuator according to claim 1, wherein
a force actuator 1s arranged to apply a flmid force to a face
of said piston.

9. The Scotch yoke actuator according to claim 1, wherein
a biasing device 1s arranged to apply a force to a face of said
piston.
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